Introduction: Impaired oral health interferes with the masticatory ability of an individual causing dietary restrictions, resulting in decreased intake for key nutrients, i.e. iron, fiber, vitamin C, etc. Therefore, the main aim of this survey was to assess whether the oral condition of geriatric population is directly or indirectly related to the intake of selected nutrients.
INTRODUCTION
Nutrition and nourishment are the most basic requirements of an individual for the protection of health and promotion of well-being, thereby influencing the quality of life of an individual. 1 The primary function of the teeth is mastication, hence, tooth loss is likely to reduce masticatory abilities leading to detrimental changes in the food choices, thereby increasing the risk of certain systemic diseases. [2] [3] [4] Survey conducted in late 1980s and early 1990s shows that 40% of adults older than 65 who were living in senior citizen centers were completely edentulous. One of the most likely mechanisms by which impaired oral health may affect diet is that difficulty in chewing or loss of teeth causes dietary restrictions. 2 It has been found that edentulous health professionals consumed fewer vegetables, less dietary fibers and carotene than people with 25 or more teeth. [5] [6] [7] [8] [9] [10] [11] [12] [13] Tooth loss was associated with a lower intake of foods which are hard to chew, such as apples and carrots. Studies which have analyzed the effects of dental status on consumption of nonstarch polysaccharides (dietary fibers) reported a reduced intake with tooth loss. 13, 14 According to the literature, edentulous individuals prefer soft and processed diet avoiding any fruit, vegetables and meals that were considered as difficult to chew and present a lower intake of vitamin C, calcium, nonstarch polysaccharides and proteins. 15, 16, 19 Moreover, it has been found out that these changes in dietary pattern have lead to a higher consumption of calories from foods rich in fat. In a 1994 review article, Willet 18 reported several associations between diet and systemic diseases. Increase in cholesterol and saturated fat and decrease in fiber, carotene and antioxidants intake could heighten the risk of cardiovascular diseases. 17, 19 Decrease in consumption of fruits, vegetables and carotenoids and vitamin C could increase cancer risk. Decrease in vitamin C has been universally associated with cataracts. Decrease in fiber consumption could lead to increased risk of colorectal adenomas.
17
Older people can be vulnerable to dietary restrictions due to other reasons also like disability, medical or social conditions. The evidence generally available in the literature suggest that for elderly population tooth loss may alter food choice, resulting in lower intake for key nutrients, such as iron and fiber. 8 Research also indicates that loss of natural teeth causes' reduced masticatory efficiency even after replacement with dentures. 2, 14 Elders who reported chewing problems had significantly fewer teeth than those who did not report chewing problems. 19 Studies evaluating associations between tooth loss and diet are few and have several limitations. Till date, very little work has been done in India about the effects of the dental status on diet and nutrition, and more precisely in North India and whether oral and dental condition of elderly people will somehow affect the health and general well being of these individuals.
Therefore, the main aim of this survey was to assess the nutritional status of people 65 years and older to find out whether the dental status is related to the intake of selected vital nutrients.
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MATERIALS AND METHODS
The oral health survey was done in the local population of Lucknow which reported to the dental institute as well as various private clinics of Lucknow. The main idea is to ensure that a variety of people with different caste, tribe, culture and religion will come under the survey and will comprise the population of North India. The participants were randomly selected under the guidance of World Health Organization (WHO). 20 The individuals who were unable to participate either due to physical or mental reasons were excluded. All the subjects signed an informed consent for the interview as well as the written questionnaires, 18,21 which were prepared as per standardized natural probing questions.
Complete details of sampling and weighing procedures are considered. 22 The subjects were further divided according to the teeth present in the oral cavity. They were divided into four groups as follows: 23 1. Totally edentulous patients 2. 1 to 10 teeth present 3. 11 to 20 teeth present 4. 21 or more teeth present. Then the nutritional status of the subject was determined using the body mass index (BMI; established by WHO), 24 which is as follows ( Height was measured with a portable stadiometer with participants being barefoot and head in NHP.Weight was measured to the nearest 100 gm using a digital scale.
Furthermore, dental examination recorded the distribution of natural teeth, number of naturally occluding pair of teeth, spaces and partial dentures with detailed information about the condition of teeth in accordance with WHO 24 guidelines. The number of natural posterior functional teeth or posterior occluding pairs (POPs) was established, 22 and the subjects were then allocated into groups as follows: 1. No POP 2. 1 to 4 POP 3. 5 to 8 POP 4. > 8 POP Equal number of each subgroup (n = 75) was taken to avoid the discrepancy caused due to different number of subjects having different POPs. Detailed information about the quantities of food and nutrients consumed was collected. Participants or their caretakers were asked to keep a '4-day' weighted record of all the food and drinks consumed. This was carried out on nonconsecutive days, in order to reduce the variations in usual intake not only between people but also from day-to-day for each person. 25, 26 This is a reliable instrument for use in epidemiological studies because it is easy to use even by individuals with a low level of education and it is less expensive also, thus enabling it to be used in low income countries. The data from these records were converted into nutrition intake data 27 and the nutritive value of each food intake was converted using HG-72 Nutritive Value of food by the US Department of Agriculture (National Agriculture Library) 28 available on the website (www.nal.usda.gov/fnic/foodcomp/data). The statistical analysis includes descriptive and inferential analysis using a 5% significant level. The term 'not statistically significant' indicates significance less than 5% level. Differences between means were evaluated using 'ANOVA', according to the normalcy of the data. Associations between categorical variables were done using 'Chi-square analysis' and 't-test'.
RESULTS
The working sample for the oral health survey, drawn from those who completed the food diary, represented 59% of the issued sample. Therefore, the final sample comprised of 300 elderly, of whom 67.3% were females with age ranging from 65 to 85 years (mean, 68.2 years) with 43% of participants in the 65 to 72 years old group. Most of the participants had a minimum education of high school and a minimum earning of ` 10,000/-per month. According to these results, both the number of teeth and POPs of natural teeth were associated with age, educational level and income (p < 0.001). The gender was also associated with the number of teeth and POPs (p < 0.001 and p = 0.028 respectively).
The mean weight was 65.26 kg (SD, 13.64) and the mean height was 1.56 m (SD, 0.09). Nutritional assessment was
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carried out among various groups and it was found that dentate participants had higher intakes than the edentulous. From Table 1 , it is evident that there was no statistically significant difference between basal metabolic rate and dental status. Table 2 shows the result of descriptive analysis and analysis of variance (ANOVA) for the variables related to nutrient intake in relation to the number of POPs of natural teeth. Table 3 shows the result of multiple comparison analysis between the two variants.
DISCUSSION
From previous studies, it is evident that chewing and masticatory efficiency are affected by oral health and specifically by the number and distribution of natural teeth 9 present. Marcenes et al 15 reported that the number of teeth may not be the most suitable measurement of masticatory function. Having posterior teeth which occlude may be more significant than having a poorly distributed teeth. Hildebrant et al 29 found that elderly people with a reduced number of For all the nutrients, the minimum intake was for 0 pair POP, for vitamin C, calcium, phosphorus and protein the intake was maximum for 5 to 8 pair POP consumed, whereas the intake for carbohydrate, iron and dietary fiber was maximum for 1 to 4 pair POP. However, ANOVA revealed significant intergroup difference for protein only. As ANOVA revealed significant difference for protein only, hence, multiple comparisons were made only for protein intake 31 in support of our findings state that the frequency of the distribution of the BMI was similar in dentate and edentulous individuals. He also observed that those having less than 21 natural teeth (> 5-8 POP) had a greater chance (p = 0.036) of being obese than with having more number of teeth. However, the relationship between nutrient intake and the number and distribution was more difficult to establish, perhaps because it was less pronounced and also because of the smaller number of subjects involved and the heterogeneity of the dentate group. Nevertheless, people with 21 or more natural teeth consumed more of the majority of nutrients than those with fewer. This is in line with the findings from the survey regarding eating ability 12 (Sheiham et al 1999) and provides further evidence that having 21 or more natural teeth is consistent with a good dietary capability and optimal nutritional intake. On the other hand, our findings are different from the ones who, i.e. Osterberg et al, 7 observed that no significant relation existed between dental state and dietary intake when single nutrients were considered. Shinkai et al 33 found that occlusal impairment is related to a reduced oral function and not with the quality of diet which varied as a function of sex, ethnicity and age. Greska et al 34 concluded that tooth loss and denture wearing is associated with a decrease in adequacy of the diet, but not with a change in diet pattern. These authors highlighted the role of overall diet quality instead of diet and nutrition in terms of its isolated components. Another important finding is that intake of dietary fiber and vitamin C ( Table 2 ) was much higher in people with more teeth and significantly associated with the number of teeth and occluding pairs of posterior teeth but no high statistically significance is established. These dietary fibers derived from food, such as fresh fruits and its derivatives were similarly associated. According to the literature, 10, 13 the lower intake of vitamin C is related to a lower consumption of key foods that are considered as hard to chew by majority of individuals with a highly impaired dentition. Shayoun et al 32 also found that fiber intake among people with five or more pairs of posterior teeth was higher than in those with no pairs, further confirming the report by Sheiham et al 35 that dental status is related to the intake of dietary fiber. Dietary fiber is an important component of diet, associated particularly with gastrointestinal health. 36 This relationship emphasizes the role that maintenance of functional and natural dentition may have in improving the general health of the elderly.
In the present study (Table 2) , the mean intake of all the nutrients is different within subgroups (p < 0.005) except for vitamin C and dietary fiber. Comparison is done for most nutrients and it is found that the mean intake was significantly less in 'no posterior occluding teeth' (POP) as compared to 1 to 4 POP groups and 5 to 8 POP, suggesting a significantly lower average intake in those elderly with no POP of natural teeth. For all the nutrients, the minimum intake was in those individuals with no POP for vitamin C, iron, phosphorus and calcium and protein which increase as the number of POP increases with a maximum of > 8 POP.
However, highly significant intergroup difference is for proteins only (p < 0.005; Table 3 ). As far as carbohydrates and calories are concerned, intake for carbohydrates and calories was maximum for 1 to 4 POP which decreases in both 'no occluding pair of teeth' and more 'number of POP' of teeth. This relation was also noted by Lee et al, 31 who
found from multilevel analysis that edentulism increases the chance of >5% weight increase in 1 year (OR = 1.73; CI = 1.17-2.57; p = 0.006) whereas Raven et al 37 found a statistically significant difference concluding that underweight being related to a highly impaired dentition and overweight to a less impaired dental condition. It is suggested that subjects having 5 to 8 or more POP will be able to chew more of fibrous and crunchy diet reducing the carbohydrates and calorie content and increasing the fibrous and nutrient content of body whereas those subjects having no or 1 to 4 POPs will be on an easily chewable and soft diet causing an increase of carbohydrate and fat content, causing overweight and obesity ( Table 2) . As evident from the Table 2, the differences in diet between different POPs are significant but small. However, these small detrimental effects of tooth loss on diet could lead to increased disease risk. Rimm et al in a study, evaluated the effects of fiber intake on myocardial infarction risk. 38 Based on their conclusions, we expect that 1 gm difference in dietary fiber intake between dentate and edentulous could lead to approximately 2% increased risk of myocardial
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infarction. Considering the high prevalence of edentulousness, we would suggest that a fair number of individuals may be at increased risk for diseases, such as heart disease and cancer. Despite the lack of association between the number of teeth and BMI, it is also important to mention that, in this study, subjects are heavily represented by the group with poor dentition, as compared to the small proportion of the subjects with POPs, which might mask some association with BMI.
It is worth while pointing out that this study was limited by its cross-sectional as well as limited number of subjects in the survey design and, therefore, lacks sufficient power to establish a cause effect relationship, thereby demonstrating the need to carry out further longitudinal studies, especially in developing countries where both tooth loss and overweight still acts as a major public health problem and need to be tackled.
CONCLUSION
As we now know that BMI is not related to the number of teeth present but the reduced number of POPs of teeth may show a decreased intake of food and therefore the nutrients by the elder people, indicating that the dental health status may affect the nutritional health as defined by clinical measures.
Considering the high prevalence of edentulous individuals at this age especially in developing countries like India, these results in broader sense highlight the importance of ensuring appropriate dental care for the whole population and not only in old age. Improved oral care throughout life will increase the overall quality of life in future generations of this fast growing segment, emphasizing the need for the integration of dietician and dental professional in the promotion of oral and consequently overall health of individuals.
